Abstract-An exact series solution for the oblique scattering by a pair of infinitely long parallel edges of perfectly conducting half planes is formulated for a TM plane wave using the modematching technique (MMT). The scattered and guided fields are represented in terms of an infinite series of radial waveguide modes. By applying the appropriate boundary conditions, the coefficients of the scattered field are obtained. The diffraction coefficient of double edges is subsequently derived from the scattered field.
I. INTRODUCTION

E
LECTROMAGNETIC diffraction by perfectly conducting double-edge structures has been a subject of intensive research. An asymptotic solution to the high-frequency diffraction by a single edge may be obtained by employing the geometrical theory of diffraction (GTD) [1] and its uniform extension (UTD) [2] . Since they are ray-based theories, they cannot treat double-edge geometries accurately when the second wedge is illuminated by a transition region field, where the diffracted field shows rapid spatial variation in the vicinity of the edge. During the past decade, a variety of approaches have been taken to overcome these limitations.
Tiberio and Kouyoumjian [3] , [4] employed an extended spectral theory of diffraction (ESTD) to investigate the diffraction by the edges within the transition region of singly diffracted fields. Their solution, however, is restricted to the case where either the source or receiver is on the same plane with the two edges. Michaeli [5] , [6] examined the farfield scattering by a pair of parallel edges using the analysis, which is based on the physical theory of diffraction (PTD). It is valid when the width of the double wedge gap is small compared to the source and observer distance. Schneider and Luebbers [7] also developed a uniform double-edge diffraction coefficient by applying ESTD, which correctly compensates for the discontinuities of the single-edge diffracted field. Their expression involves a double integral over an infinite domain, which can be represented in terms of a convergent series of Bessel functions close to the shadow boundaries. However, it cannot be tabulated easily.
Most of the previous work deals with scattering from a double wedge when the plane of the incidence is perpendicular to the wedge axis. Hence, the scattering behavior is not well understood when the plane of incidence is at an arbitrary angle with respect to the wedge axis (three-dimensional oblique incidence case). Ivrissimtzis and Marhefka [8] , [9] developed a near-zone solution for the doubly diffracted field from a pair of coplanar skewed edges. In this paper, a simple series solution for the oblique scattering by a pair of parallel edges of perfectly conducting half planes (shown in Fig. 1 ) is investigated. The diffraction coefficient of the double edges is subsequently derived and formulated from the scattered field.
II. THEORETICAL FORMULATION
Consider a plane wave at and illuminating a pair of infinitely long parallel edges of conducting half planes, as shown in Fig. 1 . Throughout the paper, the time-harmonic factor is assumed and suppressed. A fictitious circle of radius is set up to connect the parallel edges of two half planes, as shown in Fig. 1(b) . The center of the fictitious circle is the origin of coordinate, which is also the intersecting 0018-926X/99$10.00 © 1999 IEEE point of extended lines of two side edges, as shown in the figure. The two half planes are located in a radial direction with respect to the center of the cylinder and span and . As shown in Fig. 1(b) , Regions I, II, and III denote the region of cylinder upper, inside, and lower sectors, respectively.
The total electric field in Region I which satisfies the boundary condition on the wedge and the radiation condition, is given by (1) where and and are the Bessel function, the first kind of th order, and the Hankel function, the second kind of th order, respectively. The first term in (1) is the total field around an infinite wedge formed by the intersection of the two planes and the second term is a perturbation effect by the two edges.
In Regions II and III , the total electric field may be represented as a summation of radial waveguide modes, i.e., (3) respectively, where . To determine the unknown coefficients and it is necessary to match the tangential -and -fields at . First, the tangential -field continuity at yields (4) where for and zero elsewhere. In (4), applying the orthogonality condition of exponential function with respect to from zero to gives
where Next, the tangential -field continuity at also gives (6) Applying orthogonality conditions of the sine function to (6) with respect to from zero to and from to yields the following:
where In order to determine the coefficient , (7) and (8) are substituted into (5) . By applying the Wronskian formula the following can be obtained: where is the Kronecker's delta and (10) Equation (9) can then be solved numerically to obtain . The infinite series involved in the solution is convergent and this makes it possible to truncate it after a certain number of terms. Once is determined, and can subsequently be calculated from (7) and (8) .
To obtain the scattered field for a plane wave, the asymptotic expansion of the Hankel function for a large argument is employed together with the well-known approximation for the field diffracted by a sharp wedge [11] . The scattered field may be expressed as (11) where . In (11) , the first term is the field by a sharp wedge ( ) formed by extending the semi-infinite half planes and the second term represents a perturbation 
term (
) for the double edges. Furthermore, the field of perturbation term may be related with incident field as follows: (12) where (13) and is a diffraction coefficient of the double edges.
III. NUMERICAL RESULTS
In order to check the accuracy of present method developed in this paper, a slit is chosen for calculations as a special case of the double edges structure. Fig. 2 shows the far-field diffraction pattern of a slit with versus at , , and . The angle ranges between 0 and 90 , corresponding to the region behind the slit. The number of modes used in computaions is As shown in the figure, the result obtained by the present method agrees well with GTD solutions [10] for . It is noted that the GTD diffracted field shows singular behaviors around . Fig. 3 shows the normalized backscattered field of versus for different gaps between two parallel edges of conducting half planes of and . It is noted that the numerical data for case agrees well with the 90 sharp wedge backscattered field pattern. An increase in causes a large variation in the pattern level at and a small variation at and . Phase data presented in radians are continuous except for a step of radians at and , which is originated by the singular behavior of the asymptotic result for the sharp wedge. Magnitude of the diffraction coefficient versus is shown in Fig. 4 as a function of at grazing incidence of and . As increases, pattern level also increases and has maximum value around as shown in the figure. Fig. 5 shows a normalized field pattern for the two half planes of , , and in the case of four different oblique incidence angles of , , , and . As decreases, the level of total field pattern increases, as shown in the figure. Normalized backscattered field of versus is shown in Fig. 6 for different gaps between two parallel edges of conducting half planes of in the case of oblique incidence .
IV. CONCLUSION
The behavior of TM wave scattering by a pair of infinitely long parallel edges of conducting half planes is examined in this paper. The radial mode-matching technique is used to obtain the scattered field in a series form. This new formulation analyzes scattering from a pair of half-planes geometry for oblique (skew) as well as perpendicular incidences. The diffraction coefficient for double edges is derived and formulated from the scattered field and presented in series form. The accuracy of the present method is checked with existing solutions of a planar slit and right-angle sharp wedge slit, which are special cases of the general geometry of a pair of conducting half planes.
